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1.0  INTRODUCTION 


The  work  reported  herein  was  conducted  by  the  Arnold  Engineering 
Development  Center  (AEDC),  Air  Force  Systems  Command  (AFSC)  at  the  request 
of  the  National  Aeronautics  and  Space  Administration  (NASA/Ames  Research 
Center)  under  Program  Element  921 E07,  Control  Number  9E07-00-0.  The  NASA 
project  sponsor  was  Mr.  Chul  Park.  The  NASA  project  monitor  was  Mr.  Charles 
DeRose.  The  results  of  the  test  proqram  were  obtained  by  ARO,  Inc.,  AEDC 
Group  (a  Sverdrup  Corporation  Company),  contract  operator  of  AEDC,  AFSC, 
Arnold  Air  Force  Station,  Tennessee,  under  ARO  Project  Number  V41G-02. 

Eight  tests  were  conducted  in  the  Hypervelocity  Track  f ,  von  Karman 
Gas  Dynamics  Facility  (VKF),  AEDC,  from  October  14,  1980  through  November 
24,  1980.  The  objective  of  the  test  proqram  was  to  launch  and  recover  the 
carbon  phenolic  heatshield  model  after  flight  through  an  arqon  atmosphere. 

A  copy  of  the  final  data  package  for  this  test  program  has  been 
transmitted  to  NASA/ Ames,  the  sponsor  of  the  test  program.  Requests  for 
copies  of  the  data  should  be  addressed  to  NASA/ ARC,  Entry  Technology 
Branch,  Mail  Stop  229-4,  Moffett  Field,  CA  94035.  A  copy  of  the  final 
data  package  is  on  file  on  microfilm  at  AEDC. 

Presented  in  this  report  are  descriptions  of  the  test  unit,  including 
instrumentation,  test  procedure,  data  reduction  technique,  and  data  quality 
estimates.  Sample  experimental  data  are  presented  in  the  Appendix. 


2.0  APPARATUS 


2.1  TEST  FACILITY 

The  VKF  Hypervelocity  Track  G  is  described  in  detail  in  Ref.  1. 

The  test  facility  consists  of  a  launcher,  a  1000-ft-long  tank  equipped 
with  a  track  to  guide  the  test  projectile,  and  a  recovery  tube  to  recover 
the  model  after  testing.  A  schematic  of  the  test  facility  is  shown  in  Fig.  1. 

The  launcher  used  was  a  2. 5-in. -caliber,  two-staqe,  light  gas  gun 
approximately  150  ft  long.  The  test  chamber  consists  of  a  10-ft-diam  tank, 
1000  ft  long,  which  is  divided  into  three  sections.  Each  section  can  be 
maintained  at  any  desired  ambient  pressure  from  one  atmosphere  down  to  a 
few  millimeters  of  mercury.  For  these  tests  an  argon  environment  was  pro¬ 
vided  in  the  test  chamber.  The  track,  which  consists  of  four  rails  inside 
a  7-in. -ID  steel  tube,  guides  the  test  model  through  the  test  chamber  and 
into  the  recovery  tube. 

In  the  recovery  tube,  the  test  model  energy  is  dissipated  in  the 
compression  of  a  gas.  The  components  of  the  recovery  system  are  (1)  a 
30-ft  section  of  converging  rails  to  "guide"  the  projectile  into  the  recovery 
tube,  and  (2)  a  500-ft  recovery  tube  composed  of  an  assembly  of  10-ft  sections 
of  2. 5-in. -ID  by  4. 5-in. -00  stainless  steel  tubing.  The  initial  50  ft  of 
recovery  tube  extends  into  the  test  environment  tank  and  is  attached  to  the 
converging  rail  section. 
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2.2  TEST  MODELS 


The  model  design  used  for  these  tests  is  shown  In  Fig.  2.  The  nosetlps 
were  fabricated  from  a  carbon  phenolic  20°  dixie-cup  layup  material.  The 
model  is  comprised  of  an  aluminum  core,  a  Lexarf®  base,  a  heatshleld,  and  the 
nosetlp. 

• 

In  addition  to  bonding  with  BA2112  epoxy,  the  nosetip  specimens  were 
mechanically  anchored  to  the  model  body  by  four  carbon-carbon  pins  placed 
900  apart.  The  four  pins  were  machined  flush  with  the  nosetip  surface.  The 
purpose  of  the  carbon-carbon  pins  was  to  enhance  the  probability  of  nosetip 
recovery. 

2.3  ARGON  ENVIRONMENT 

This  test  required  an  argon  environment  at  50  to  300  torr  in  the  uprange 
section  of  the  range  for  six  of  the  eight  shots.  Air  contamination  of  the  argon 
environment  was  required  to  be  less  than  4  percent  by  volume.  In  order  to 
provide  this  environment,  the  range  was  evacuated  to  approximately  one 
torr  of  air  and  then  filled  to  the  desired  pressure  with  argon,  in  order 

to  insure  the  proper  argon  environment,  gas  samples  were  taken  prior  to  each 
shot. 

2.4  INSTRUMENTATION 

The  Instrumentation  used  in  this  test  included  ten  X-ray  stations  and 
six  laser  stations.  These  stations  provided  the  necessary  in-flight  side 
view  pictures,  so  that  the  nosetip  characteristics  could  be  monitored  durinq 
flight.  At  three  of  the  laser  stations,  oblique  views  were  used  to  provide 
better  nosetip  surface  viewpoints.  Data  from  the  X-ray  and  event  time  re¬ 
cording  systems  were  used  to  determine  the  model  position,  orientation,  and 
velocity. 

Other  instrumentation  used  on  this  test  includes  image- converter 
camera  systems  at  various  locations  along  the  track.  These  cameras  view 
the  model  nosetip  from  almost  head-on  and  record  the  brightness  temperature 
distribution  on  the  nosetip.  These  camera  installations  are  calibrated  so 
that  surface  temperature  distributions  can  be  obtained  from  these  photographs. 
Test  environmental  conditions  at  test  time  were  measured  by  the  pressure  and 
temperature  measurement  systems.  Table  1  lists  the  instrumentation  locations 
used  for  these  tests. 


3.0  TEST  DESCRIPTION 
3.1  TEST  PROCEDURE  AND  CONDITIONS 

The  test  conditions  for  all  shots  are  given  In  Table  2. 

Prior  to  the  launching  of  the  model,  the  complete  model  assembly  was 
dimensionally  Inspected.  This  procedure  established  the  pretest  nosetip 
configuration. 

The  model  is  accelerated  to  the  desired  velocity  by  the  two-stage 
launcher  and  enters  the  blast  tank.  The  function  of  the  blast  tank  is  to 
separate  and  contain  the  muzzle  gases  and  prevent  them  from  entering  the 
range  tank.  The  blast  tank  Is  separated  from  the  range  tank  by  a  quick  - 
operating  valve  which  closes  behind  the  model. 
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The  test  environment  of  interest  is  encountered  in  the  uprange  section 
of  the  range.  In  this  test  the  test  environment  is  that  of  argon.  Throughout 
the  flight, characteristics  of  the  nosetip  are  monitored  photographically. 

The  model  then  enters  the  downrange  section  of  the  range.  The  uprange 
and  downrange  sections  are  separated  by  a  quick-acting  valve  so  that  a  pressure 
differential  can  be  maintained  when  desired. 

At  the  end  of  the  downrange  section  the  model  enters  the  recovery  tube. 

The  recovery  tube  is  charged  with  staged  pressures  so  that  the  model  can  be 
non-destructively  decelerated  to  a  stop.  The  recovery  tube  terminates  into 
a  tapered  rail  section  which  mechanically  arrests  the  model  and  allows  the 
nosetip  to  be  recovered  intact. 

3.2  DATA  REDUCTION 

The  model  velocity  history  is  obtained  from  the  timing  data  recorded 
during  the  shot  combined  with  the  known  instrumentation  locations.  Once  the 
velocity  history  is  known,  other  quantities  of  interest  (eg.,  drag  coefficient, 
model  ballistic  coefficient,  and  average  velocity)  are  computed. 

The  ablation  characteristics  of  the  nosetip,  in  this  test,  were  to  be 
determined  by  NASA/ Ames. 

3.3  DATA  UNCERTAINTY 

Measurement  uncertainty  is  a  combination  of  bias  and  precision  errors 
defined  as  (Ref.  2): 


U  =  i  (B  +  t95S) 

where  B  is  the  bias  limit,  S  is  the  sample  standard  deviation,  and  tgs  is  the 
95th  percentile  point  for  the  two-tailed  student's  "t”  distribution  ,  and 
depends  on  the  sample  size. 

Estimates  of  the  measured  data  uncertainties  for  this  test  are  given 
in  Table  3. 


4.0  DATA  PACKAGE  PRESENTATION 

The  final  data  package  for  this  project  was  prepared  under  separate 
cover.  The  package  presents  the  data  summarizing  the  test  conditions  and  test 
results,  including  the  test  setup,  test  article  information,  and  trajectory 
data.  Pretest  model  photographs  and  prints  of  in-flight  X-ray  and  laser 
photographs,  along  with  nosetip  surface  temperature  data,  were  transmitted  to 
NASA/ Ames  during  the  test  program.  Recovered  test  specimens  were  returned 
to  NASA/Ames  at  the  conclusion  of  the  test  program.  Sample  data  are  included 
in  the  Appendix  of  this  report. 
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TABLE  1 


TEST  EQUIPMENT  SETUP 


''  Equipment  Designation 

Equipment  Location 

Distance  from 

Range  Reference  Laser 

X-Ray 

IC 

Range  Entrance,  ft 

Launcher  Exit 

-48.15 

X-A 

-42.61 

X-B 

-27.61 

Range  Entrance 

0.0 

(QOV  1  &  QOV  2) 

X-l 

2.55 

L-2 

52.86 

X-2 

54.17 

IC-4 

94.63 

X-7 

150.92 

X-IO 

220.92 

L-ll 

IC-11 

232.98 

QOV-3 

305.15 

X-l  5 

312.67 

X-l  8 

377.8 

» 

IC-20 

395.3 

L-19 

398.11 

X-23 

472.67 

X-28 

577.80 

IC-29 

591 .48 

L-29 

598.11 

X-34 

697.8 

L-35 

721.36 

X-40 

817.80 

L-41 

841.35 

Recovery  Tube  Entrance 

875.24 

QOV-4 

920.21 

( 


QOV  -  Quick-Operating  Valve 
IC  ■  Image-Converter  Camera 


Table  3.  Uncertainty  in  Test  Parameters 
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APPENDIX  A 

REPRESENTATIVE  DATA  OBTAINED 


The  representative  data  shown  Include  a  sarple  position 
and  velocity  history  (Table  A-l) .  Figure  A-l  shows  a  typical 
nosetip  in-flight  temperature  distribution.  Figure  A-l  (a) 
shows  the  isothermal  contours  and  the  locations  of  the  vertical 
and  horizontal  temperature  scans  which  are  shown  respectively 
as  Figure  A-l  (b)  and  (c)  . 
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A-l .  In-Fliqht  Surface  Tanperature  Data 
a.  Isothermal  contour 
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